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Starch compositions and the use thereof in the wet-end of paper preparation 
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Technical field 

The present invention relates to starch compositions containing two differently modified 
starches. More specifically^ the compositions contain a mixture of an aniotiic ^nd a 
cationic starch. After cooking the compositions are used in paper or cardj^oard 
preparation. The resulting paper and board are shown to have better characteristics than 
the paper and board prepared with the same components which have not been mixeid and 
cooked together but which are added separately. Moreover^ the prior mixing makes the 
addition of the components easier. In addition it was demonstrated that waxy starches 
perform better than regular starches^ i 

Backgrovmd of the invention j 
In the production of paper, cellnlose is pulped to form a sluny^ the slurry is then a^jplied 
to a screen to orient the jShres the liquid is subsequently drained. From the screen the 
paper is squeezed between rollers to furdier reduce the water content and after eL final 
drying* paper is obtained. The strength of the paper is dependent on the nature of the 
pulp. Virgin pulp typically gives a stronger paper than pulp from a re-pulped paper jof the 
same quality. Furthermore the strength of the paper decreases with every recycling. 
Therefore there is an interest in finding additives, which could increase the strength bf the 
paper. i 
It is knom that the strength of paper can be increased by the addition of additives :either 
before the size press or in the pulp i.e. at the wet end of paper production process, ; 
As fillers or binders starch or polyhydroxy high molecular weight polymers can be used. 



Often these moleoxiies liave further been modified by the addition of ionic grotips to 
increase tlie binding capacity. 

The starch or polymer is added to provide certain desirable quality chgracteristitfs. To 
increase especially the physical properties of the paper sheet different nxethods are 
available. 

As mentioned above there are two stages in the paper production process where starch or 
polymer is added; the addition of cooked catiomc starch (with different charge levels) or 
polymer is to the fibres in the very beginning of the process (wet-end), or it is at the stage 
of the size presSj which is installed in the paper machine after the wet-end part and the 
first dryer section. Both methods have their advantages but they also suffer from 
limitations and disadvantage^ 

Addition of tlie starch or polymer in the wet-end stage is only effective if flie material is 
retained, in one way or another by the fibres, which form the basis of the paper or board. 
In order to achieve this, the starch or polymers^ are substituted by cationic or anionic 
groups. The maximum amount of polymer that can be ^ded is limited by the manabiUty 
of the product. 

The drawback of this is that in order to obtain optimum characteristics of the final 
material often a higher level of addition of the starch or polymer would be needed For 
the cationic starch it is ttie maximum addition level of usiially 2 to 2.5% that fonxxs tlie 
natural barrier for further optimisation. Higher addition levels^ needed for further sttength 
improvement, cause severe runnability problems due to overcharging effects. 

In order to add more of the starch or polymer it is also possible to add the material at a 
later stage when the paper sheet has been formed and dried At this stage however the 
paper or board has to be re-wetted which calls for a furflier drying. Furthermore, contrary 
to the addition at the we^end stage the addition at a later stage does not give a 
homogeneous product the added polymer and/or starch will not be able to fully penetrate 
in the pre-formed material. 
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The application of native starch, that is usually only enzymatically or thennochetnically 
converted^ at the size press stage has slightly different limitations. The main disadvantage 
is the reduction of the machine speed caused by the re-wetting of the paper during this 
application. Additionally due to the required drying this approach consumes a lot of! extra 
energy. 

Another batrier especially for high grammage paper qualities is (he penetration of the 
starch into the paper. In some cases, the sizing solution is unable to penetrate into the 
middle of the sheet and impart beneficial strength properties. 

Therefore in practice on many paper machines, producers combine the application of 
starch at the wet-end stage with that at the"^ size press stage to obtain desired paper 
properties. ' 

For the aforementioned reasons^ a replacement of the size press by higher starch and/or 
polymer addition levels in the wet-end would help to significantly increase productiiyity. 
To realise this, a product is needed, that allows high addition levels to create the needed 
strength properties and which provides sufficient self-retention. 

To adapt to this demand systems have been developed wherein combinations of 
oppositely charged starches and/or polymers are used. A starch or polymer is added at the 
beginning of the wet-end stage or it is mixed with the stock solution and the second 
oppositely charged polymer or starch is then added in the flow spreader or on the paper 
wire table. The combination of these two components then precipitates and this improves 
both retention and total amount, which can be added. The second component of this 
combination can also be added at the size press stage, but due to the low retention of the 
first component this is somewhat less efBcient. 

In practice this system has too date not resulted in a process wherein tiie size press is 
replaced Too date the addition of the two oppositely charged components is performed in 
two steps and the components are often prepared separately. 
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This is for example illustrated by European Patent EP 0 282 415, ^^erein a process is 
described for the manufacturing of paper characterized by the fact that in tbe wet - 4nd at 
two or several separate points one (oi several) catiouic starch(es) and one (or several) 
anionic starcfa(es) other than a starch phosphate are added. According to the examples the 
starches are added in pregelatinised form, which is obtained by cooking the starchei's just 
prior to addition. 

International patent application WO 96/05373 describes a process of applying a 
polyhydroxy high molecular weight polymtjr or like material to a substrate. The pi^ocess 

comprises adding to a solution of such material in anionic form a fiocculent of oppolsitely 

i 

charged form in order to insolubilise such material and thereafter applying, such 
insolubilised material to said substrate. 
Japanese patent application JP 05230792 (dbstract) describes the spraying of an aqiieous 
dispersion of anionic and cationic starch <iver the web fibres during paper production- 
The starches are indicated to be tuigeiatinised. 
International patent application WO 99/64677 discloses the use in the preparation of 
paper of a combination of 95% starch and 5 % of a synthetic fixative. In addition the 

^ to the $tcck- 



starch and the fi>cative are added separately 
Japanese patent apphcation JP 08296193 



(abstract) discloses the use of a mixture of 



cationic and anionic starches in paper making. Only regular com and tapioca starches 
liave been used. 

There is therefore a need to improve this sjjstem wherein both the addition is made ieasier 
and the size press can be abolished. 



Summary of tibe invention 
The present invention discloses a composition iwhich when added to paper or board 
increases the stren^ characteristics and atjithe same time the composition is easy to add. 
The present invention discloses a compospon consisting of an anionic and a cationic 
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starch, and wherein at least one of tjxe starches is a| waxy starch. Such mixtures are found 
to be suitable fof addition to the wet-end of the papier production process. 
The present invention also discloses a method fox treating the compositions with thp aim 
of making them suitable for application in paper. Siich a treatment consists of cooking the 
compositions batch-wise or through dixect steam injection. 

The present invention further discloses the appUcaition of a composition consisting of an 
anionic and a cationic starch and wherein at least one of the starches is a waxy starch in 
the wet-end of the paper preparation. 

The compositions are cooked and added to the thick stock of the paper machine. 
Furthermorej the present invention discloses paper or board with addition levels of 
between 1 and 10 % (w/w) of the starch composition, preferably between 2 an 8 % and 
more preferably between 4 and 6 %. The papor contaitjiog such amounts of starch 
compositions of the present invention gives better paper strength properties then those, 
which are usually obtained by use of a combination of size press and wet-end search, and 
wherein the cationic and anionic starches have been separately cooked md added. • 

Consequently, in a furtlier embodiment the preseint invention also discloses a method^ 
which enables paper producers to replace both, the si^e press and the conventional wet- 
end starch, 

A preferred embodiment of the present invention," discloses a process for paper miaking 
which does not employ a size press- 

Brief description of the Fig:ttfes 

Figure 1 shows the anionic demand of cationic potato starch and maize starch compared 
with mixtures of the present invention (Example 1), 

Figure 2 shows the different molecular weight distributions of the mixtures according to 
the present invention compared to a typical wet-end starch (Exanaple 1). ; 



I I 

I ! 

1 i 

Detailed descriptioxi of the invcntioii ! 1 

The present invention discloses compositions of polymers^^ specifically stafches. 

Although in general one of the polymers preferably a starch and the other may be a 

starch or a synthetic polymer there is a preference for starch. The compositions conjtain a 

cationic and an anionic starch, wherein 'at least one of the starches is waxy. The 

compositions comptising the two types of starches generally contain between 1 : IjO and 

10:1 (w/w) of each of the starches. The ratio of the two components is chosen in ^ch a 

way that the overall charge is slightly cationic. This seCTites the binding of the Starch 

mixture to the anionic fihres/fiUer matrix ixi! the wet end of the paper or board production 

process. One aspect for determining the overall charge is the ratio of the starches on the 

basis of their weight the Other is that th|e overall charge depends on the degtbe of 

substitution with cationic or anionic groups.! i 

As basic starch it is possible to use all types of normally available starches i.e, ^j^heat, 

com, potato, tapioca and pea starches, ; i 

The starches used in the present compositi|ons are cationic starches minted with afiionic 

i ^ 
waxy starches such as oxidised max2:e or modified waxy starches which have been treated 

j 1 

with xnaleic or succinic anhydride or anionie starches mixed with cationic waxy stari:h. 
It was sinprisingly found that the mixtures comprising anionic and cationic starches} were 
very easy to handle- Contrary to the norntel process for paper preparation wherein the 
cationic and anionic components are added and prepared separately, which requh'^s two 
preparation and storage units, the mixtures' if cationic and anionic starches were cooked 
together and added at one point to the papei: machines withotit any problems. Even^ more 
surprising was the finding that best perforinance as determined by characteristics bf the 
paper sheets was obtained when at least one of the two starches was derived form a| waxy 
starch. It should be noted that althougji mijjrtures of two starches have been used it is of 
course possible to use more different starches as long as the overall charge remains 
shghtly cationic i.e there should be a slight mnomc demand, j 

I i 
The compositions of the present invention are dry mixtures and can thus easily be stored 
before use. The compositions can also be kept as slurry for some time before cooktdg. 



Th"us compositions of the present invention are used after cooking up and titey are added 
at one poitit The present invention also discloses a method for treating the starch, 
compositions with the aim of making them smtable for application in paper. 

S wh a treatment consists of cooking the compositions batch-wise of through direct steam 
injection. With the use of the compositions of the present invention the process', only 
req^lires one addition and preparation point, Which makes the process much cheaper. 

It was further found that the amount of polymer, which can be added in this way is much 
higher than the usual amounts which are added. Specifically, addition levels of between 1 
and 10 % (w/w) of the starch composition, preferably between 2 an 8 % and more 
preferably between 4 and 6 % have been reached. This results in. a paper with better 
physical characteristics than when lower amounts are added. Note that even when ,equal 
amounts of polymers are added the quality of the paper based on the compositions of the 
present invention is higher. 

The present invention discloses a new method for makijag paper or board. The method, 
which makes use of a compositicja consisting of an anionic starch .and a cadonic starch, 
wherein at least one of the starches is a waxy starch, makes possible the preparation of 
paper or board without the use of a size press. 

The compositions axe applied after cooking to the thick stock of the paper machine. 
Furthermore, the present invention discloses paper or board with addition levels of 
between 1 and 10 % (w/w) of the starch nnxturej preferably between 2 an 8 % and more 
preferably between 4 and 6 %. The paper containing such amounts of mixtures of the 
present inventiou give better paper strength properties then tiiose, which are usually 
obtained by use of a combin£ition of size press and wet-end starch. 

Consequently, the present invention also discloses a method, viiiich enables paper , 
producers to replace both, the size press and the conventional wet-end starch. The present 
invention discloses a process for paper making which does not employ a size press. 



The compositioas mentioned above are cooked in slurry form with concentrations of up 
to 10% dry substance. The cooking can be provided by indirect heating (batch cooking 
with SOnjin. holdii^ time) or through direct steam injection (jet cooking at 120°C)l The 
obtained starch or starch/polymer paste can be diluted to its desired addition level, which 
is usually 2.5 to 5%, It can be stored for several hours provided that a sufficient stirring 
and a temperature of about 60 to 70*C are maintained, i 
When added to the fibres during the paper process, addition levels of 5% and higher can 
be realised replacing the size press and the wet-end starch (if used). As a conseqtience 
higher production capacities can be realised due to lower steam consumption. The paper 
has not to be dried after the re-wetting process in the size press. Additionally investment 
respectively maintenance costs for the sise press fall away, ; 
Example 1 shows that the compositions of the present invention are prepared having 
slight anionic demand with typical values of lower than 200 ^eq preferably, lowe:^ than 
100 peqA. Such mi>ctnxres show a v^ good retention on the fibres. This means that the 
Starches have slight cationic excess when compared with the cationic starches norpially 
used in paper production. This serves to avoid overcharging at relatively high addition 
levels which are up to 10% (w/w). Note also that due to the composition of the mixtures 
the final product which, is added shows molecular weight distribution which, is shifted to 
somewhat higher vahies . 

Example 2 shows the application of mixtxires of cationic and anionic starches in the 
preparation of paper on lab scale equipment, It has to be underlined that the maximum 
addition rate for a cationic potato starch in the aforementioned lab evaluation^ was 

i 

limited to 2%. A higher dosage or lower substituted starches led to overcharging effects 
or insufficient paper properties. 

Tables 1 and 2 show that higher dosage is possible using cationic/aiuonic starch mixtures 
when compared with conventional cationic starch. The paper produced with mixtures 
according to the present invention has higher internal bond strength a higher breaking 
length and an increased bursting strength. ! 
In example 3 it is demonstrated that the effect found on lab scale is also found on plant 
scale. 



Although the addition of starch nuxtures was tested with anionic and cationic starch 
mixtures it was fouud that there was an outspoken advantage when anionic waxy starch 
or cationic waxy starches were used. 

Example 4 demonstrates that the paper characteristics are eveu better when one of the 
two starches is derived from a waxy starch, 

i 

The advantages of the use of the compositions of the present invention can be 
summarised as follows. Due to the balanced charge situation of the composition product 
more starch can be applied to the fibres without causing overcharging eifects. 
Additionally, the simultaneous cooking forms complexes with a different molecular 
weight than the single components. In summa this provides a superior behaviour that 
enables paper producers to replace their size press by an easy to use single component 
system. 

The following examples further illustrate the present invention they allow to understand 
the advantages aad are in no way meant to limit the invention. 



9 



Examples 

Example L Starch compositjoos | 

j 

The anionic demand of the starch mixtures of the present invention was detennined and 
compared ^vitfa the anionic demand of the normal catiomc starches. Figure 1 discloses the 
charge situation of two cooked compositions (starch/starch) consisting of 60 % ^w/w) 
anionic waxy starch (modified with maleic aoliydride) and 40 % (w/w) cadonic maize 
starch p.S. (degree of substitution); 0,042) or 40 % (w/w) cationic potato starch (D,S,: 
0.040). i 

The quantities and charge densities of the two components of the mixtures have to be 
selected in a way that provides the final cooked complex of the two polymers with a 
slight cationic net charge, which is high enough to enable the complex to be retaiijied in 
the anionic fibre/filler matrix. The cationic charge has to be sufficient for retention, but 
on the other hand low enough to avoid overcharging of the system at higher addition rates 
than 2.5%. 

Figure 2 shows the different molecular weight of the mixture compared to a typical ^t- 
end starch. i 



Example 2. Paper preparatiog with compositions containing catiomc and anionic starches 

Several lab investigations were performed. Lab sheets were made on a TECHPAP lab 
sheet former (retention tester) and were investigated with respect to properties accor^ding 
to standardised international paper testing methods , 



Method for lab sheet forming. 1 
Fibres are prepared in a mixing device according to the recipe of the famish being xiked 
on the paper machine with a consistency of 0,5 to 1,0 % dry substance. Depending cjn the 

I 
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paper quality some filler such as carbonate and son.e recycled fibres (coated and 
ancoated) are additionally applied. 

A dejSned volume (depending on the grammage of 4ie paper) of this composition is 
transferred to the TECHPAP retention tester. This equipment consists of a baffled 
cylinder with an adjustable stirrer and a valve to release the pulp suspension onto a wire, 
situation. Under normal conditions the charge and therefore the PCD response has to be 
fixed. The stinrer is set to lOOOipm stimng speed to simulate the shear forces of a paper 
machine circuit. According to the p^per machine process all additives such as the cooked 
starch composition, polyacrylamide and other process chemicals as well as further 
amounts of water (to achieve a total volume of lOOOmI) are added in a well-defined ' 
sequence, before this suspension is released onto the wire^ which has a diancieter of 15cm. 
During all trials the composition is added as the fir^t component to have a sufficient 
reaction time. 

Beneath the wire a vacuum is applied after a certain holding time to remove the water 
fi:om the suspension. This pnjcess simulates the dewatering of a paper machine. 

The wet sheet is then removed from the wire and i^ then dried aund pressed at 140°C for 
5min. 

Tlie whits water of the sheet forming process is an^ilysed regarding cationic/anionic 
demand (PCD), turbidity and iodine staining. 

The cationic demand of the white water gives an indication about the overall charge 
negative avoiding any overcharging of the paper machine circuit. 
Turbidity is measured with a photometer and gives an indication for the total retentiion of 
the fibre and filler material. A high turbidity figure therefore indicates a high amount of 
fibres, filler or fines in the white water, wMch means a poor retention. 
Iodine staining is also determmed witlr a photometer at 585nm wavelength. The starch in 
the white water forms a complex with the iodine sclution, which results in a blue staining 
of the starch. This can be used to determine the starch self-retention, A high figure 
indicates (depending on the calibration curve) a high amount of firee starch in the white 
water. This starch was not successfully retained on| the fibres and can therefore not 
increase paper strength. 
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The compositions have shown exceJJieiit self-retention figures indicated by low iodine 
staining values. Filler and fines retention was always on the same level compared to a 
conventional wet-end starch. 

After being stored for 24 hours under standardised, DIN method conditions^ the sheets 
are tested according to the following meithods. 
Physical testing: 

Breaking Load, Breaking Length and elongation DIN EN ISO 1 924-2 \ 

CMT (Concora Me^um Test) DIN EN ISO 7263 

SCT (Strip Compression Test) DIN 5451 8 

Burst strength DIN 53 141 part I 

Internal Bond or Plybond strength DIN 545 1 6 

Ash DIN 54370 

For the lab evaluation standard cationic wet-end starches vdHh different degrees of 
substitution were manually mixed with anionic starches such as oxidised maize or waxy 
starches modified with maleic or succinic anhydride. The mixtures were then batch 
cooked at 96''C (holding time 30mia.) 

In two paper systems C^Waste" and "Coating base paper") the aforementioned mixtures 
were tested in comparison to cationic reference starches. The results clearly show tiiat 
higher addition levels are possible whereas cationic starches reach their limits quite fast. 
The lab sheets were tested after drying at 140''C for Smin. and storing under standard 
climate for 24hours. Size press application was not simulated on lab scale. 
Reference starch is standard product QUAB with D,S. 0,035. ; 
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Table 1 , Lab results for Coating Base p^per 







Reference j 

2% Cationic Potato 

! 

Starch ; 

i 


Composition 

3% Anionic/Cationic 
Starch 


Composition 

1 

5% Anioiuc/Cationic 
Starch 


Internal Bond 


IN] 


177 j 


285 


275 


Breaking 
Length 


[ml 


4600 , 

! 

i 


4800 


5500 

t 

i 


Ash 


[%] 


4.3 


5.0 


4.6 

i 


1 i 

1 

Table 2, Lab results for Fluting (1 00% recycled fibres) ; 






Reference 

2% Cationic Pota 
Starch 


to 


Compositloa 

3% Anionic/Cationic 
Starch 


Con^positioD 

5% Aniojnic/Cationic 
Starch 


Bxirsting 
Strength 


[kPa] 


291 




288 


329 


SCI 


[N/m 
] 


3564 1 

! 


3492 


3844 


Internal Bond 


[N] 


150 ! 


197 


218 

i 


CMT 


m 


220 ! 


214 


i227 


Breaking 
Length 


[m] 


4200 i 

i 

1 


3700 


4600 

} 


Ash 


m 


8.0 , 


83 


i8.6 



i 



It has to be miderlined that the maximum addition rate for a cationic potato starch inithe 
aforementioned lab evaluations was Umited to 2%. A higher dosage or lower substituted 
starches led to overcharging effects or insufiicieut paper properties. 
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Tables 1 and 2 show that higher dosage is possible using cationic/anionic starch mixtwres 
when compared with conventional catiotuc starch. The paper produced with mi?ctiires 
accordixig to the present invention have a higher internal bond strength a higher breaking 
length and an increased bursting strength, 

Starch/Polymer Mixtures : 

Starch/polymer mixtures were also tested under lab conditions witihi simi^ results. These 
mixtures mainly consisted of anionic starch (oxidised; and succinic anhydride modified) 
and cationic P AM or PVAM. 



The following results were obtained in a lab evaluation: 







Blank ; 


Composition 1 

2% Oxidised Starch + 
PAM 


Composition 2 

2% Succinilated Starch 
+ PAM 


PCD White Water 
(cationic demand) 


[meq/l] 


61 ; 


120 


66 


Breaking Length 


[TO] 


3500 


4000 


3700 


CMT 


[N] 


147 ' 


167 


li62 


Ash 


[%] 


92 


10.3 


10,5 



The aforementioned inixtures consist of anionic starch (o>ddised) and cationic 
polyacrylamide. They were cooked together fay dkect $team injection Qe^t cooking) at 
125^C. 
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Example 3 



Experiments were performed on large-scale equipment to confinn the lab scale tests. 
Results are sho^wn in Table 3. 



Table 3. Resufts of a full scale machine trial 







Reference 
5% Size Press Starch + 
0.9% Wet-End Starcb 


Trial| 

2.5% Composition of Auiomc + 
Cationic Starch 


Machine Speed 


[m/nain 

] 


225 


250 


Machme Production 




5.1 


11.06 


Scott Bond 


[units] 


195 


255 I 


Tensile Strength 


[ml 


5,400 


6,900. 


Ash 


[%J 


8.3 


7.4 ; 



T 

i 



I 

This trial was performed on a twin wire Fourdrinier machine producing coating base! 
paper. The granmiage was 190g/m^. The starch mixtore was cooked by steam injection 
(jet cooking) at 125''C and dosed at the machine chest (same addition point like the ! 
conventional wet-end starch). | 
Table 3 shows that the addition of 23 % of the composition according to the presentj 
invention gives a machine and product performance which is above that when size press 
starch and wet-end starch are used. The ash content is lower and the paper strength 
increased moreover the machine speed is increased or at least not negatively influenced. 

I 
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Example 4 



An additional series of tests was performed using different mixtures of cationic and 
anionic starch. The foIlo^?rfIXg mixtures have he^ used. 

C*Bond® 0693 1 = 40% cationic potato starch 35804/ 60% aniomc waxy starch 
Cii^BondiS) 05930 - 40% cationic waxy starch/ 60% anionic com starch 
C-ft-Bond® 05931 = 40% cationic com starch 05906/ 60% anionic com starch 
These products have been tested with up to 5% addition rate. 

C^Bond is a registered trademark from Cerestar* The codes are used to distinguish 
between different compositions as indicated. 

I 

Trials were performed on a lab sheet former obtainable from the company TECHPAP, 

Addition sequence*of the different products to the sheet former was a$ follows: 

1 , Paper pulp (1 % d,s.) 

la). C*Bond 05930, 05931 or 06931 (2,5%, 4% or 5%) 

2, Water dilution step after 30s* 

3. 0.4% BMA® after 70s, ' 

4. 0,4% PAC (PolyaluminiumChloride) after 75 s, 

5. 0,6% Hi Cat® 1 60 after 80 

6. 0.2% Vector® after 85 s, 

7. Sheet forming after 90 s. 

For trial 8 PAC was reduced to 0.2% 

Sheets were air conditioned for 24h before Ash, Breaking Length, Internal Bond, Sciott 

Bond and formation were measured 

The results of the test are summarised in Table 4. 

Two products performed best in this lab sheet study; Ci^^Bond 0693 1 and C*Bond 
05930. 



Sheet formation was significtotly improved (synergistic effect for strength) 

Intsmal strength figures were improved by almost 80% compared to the reference istafrch 

system. Ash retention was k^t on a constant level. 

Addition rate between 2% and 4% appears to be reasonable without any overcharging 
effects. 

The tests also demonstrate that the starch mixtures based on at least one waxy starch 
component perform better than other starches. 

This conclusion has subsequently been confirmed in further tests. ; 
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